(19) 



J 



(12) 



(43) Date of publication: 

07.03.2001 Bulletin 2001/10 

(21) Application number: 00118477.9 

(22) Date of filing: 25.08.2000 



Europaisches Patentamt 
European Patent Office 

Office europeen des brevets (1 1 ) EP 1 081 760 A2 

EUROPEAN PATENT APPLICATION 

(51) int. CI. 7 : H01 L 23/467, H01 L 23/427 



(84) Designated Contracting States: 


• Wotring, Blaine C. 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Derry, NH 03038 (US) 


NIC NL PT SE 


• Wyler, Gregory T. 


Designated Extension States: 


Manchester, MA 01944 (US) 


AL LT LV MK RO SI 


(74) Representative: 




(30) Priority: 30.08.1999 US 386103 


Herden, Andreas F. 


Blumbach, Kramer & Partner GbR 


(71 ) Applicant: MOLEX INCORPORATED 


Patentanwalte 


Lisle Illinois 60532 (US) 


Alexandrastrasse 5 




65187 Wiesbaden (DE) 


(72) Inventors: 




• Bamford, William C. 




Clarendon Hills, Illinois 60514 (US) 





(54) Heat sink assembly 

(57) A heat sink assembly includes a heat exchang- 
ing section formed by a thermally conductive sheet 
folded into alternating ridges and troughs defining gen- 
erally parallel spaced fins having opposite end edges. 
The folded sheet is formed into a generally cylindrical 
configuration whereby the troughs form an inner seg- 
mented cylinder and the ridges form an outer seg- 
mented cylinder generally concentric with the inner 
cylinder. The heat sink assembly may include a heat 
conductive rod dimensioned to engage the troughs of 
the thermally conductive sheet. The ridges of the ther- 
mally conductive sheet may also contain apertures to 
allow air to fully circulate through the fins. The heat sink 
assembly may also include a fan and a thermally con- 
ductive base plate. 
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Description 

Field of the Invention 

[0001] This invention generally relates to cooling 5 
devices such as heat exchangers and, particularly, to a 
heat sink assembly having an improved heat exchanger 
arrangement. 

Background of the Invention 

[0002] In various industries, such as in the compu- 
ter industry, there is a need for low cost high perform- 
ance heat exchangers to cool such components as 
microprocessors or semiconductors. Many semicon- 
ductors create so much heat that they can be irrepara- 
bly damaged if the heat is not removed. Consequently, 
heat exchangers employing heat sinks have been used 
to pull the heat away from the semiconductor and dis- 
perse that heat into the atmosphere. The present inven- 
tion is directed to improvements in such heat sink 
assemblies. 

Summary of the Invention 

[0003] An object, therefore, of the invention is to 
provide a new and improved heat sink assembly of the 
character described. 

[0004] In one embodiment of the invention, the heat 
sink assembly used to dissipate heat from a heat pro- 
ducing electronic device includes a heat exchanging 
section having a thermally conductive sheet folded into 
alternating ridges and troughs defining generally paral- 
lel spaced fins having opposite end edges. The folded 
sheet is formed into a generally cylindrical configura- 
tion, whereby the troughs form an inner segmented cyl- 
inder and the ridges form an outer segmented cylinder 
generally concentric with the inner cylinder. The heat 
exchanging section is in thermal contact with a heat pro- 
ducing device via a thermally conductive path which is 
thermally connected to at least one of the troughs of the 
fins. 

[0005] The invention contemplates that the assem- 
bly may include a cylindrical heat conductive rod within 
the inner segmented cylinder defined by the troughs of 
the folded sheet. The rod is dimensioned for engaging 
the troughs, and the fins are generally parallel to the 
rod. The rod may be hollow, solid or comprise a fluid 
filled heat pipe. 

[0006] The heat sink assembly is shown as part of 
a heat exchanger assembly including a fan mounted on 
the heat exchanging section at an end thereof opposite 
the heat producing electronic device. The end edges of 
the fins adjacent the heat producing electronic device 
are spaced from the heat producing electronic device so 
that the fan can circulate cooling air completely through 
the heat exchanging section. Alternatively, in situations 
where the overall length of the heat sink assembly is a 



design driver, apertures can be place in the ridges of the 
fins so that the end edges of the fins can be placed on 
the heat producing electronic device, with the apertures 
in the ridges of the fins allowing air to circulate fully 
through the heat exchanging section. 
[0007] The invention may also have a thermally 
conductive base plate at an end opposite the fan. 
[0008] Other objects, features and advantages of 
the invention will be apparent from the following detailed 
description taken in connection with the accompanying 
drawings. 

Brief Description of the Drawings 

[0009] The features of this invention which are 
believed to be novel are set forth with particularity in the 
appended claims. The invention, together with its 
objects and the advantages thereof, may be best under- 
stood by reference to the following description taken in 
conjunction with the accompanying drawings, in which 
like reference numerals identify like elements in the fig- 
ures and in which: 

FIGURE 1 is a top perspective view of a heat 
exchanger assembly incorporating the heat sink 
assembly of the invention; and 
FIGURE 2 is an exploded perspective view of the 
heat exchanger assembly of Figure 1 . 

Detailed Description of the Preferred Embodiments 

[0010] Referring to the drawings in greater detail, 
one embodiment of the invention is incorporated in a 
heat sink assembly, generally designated 10, which 
includes a circular fan assembly 12 having lead wires 14 
extending therefrom and terminating in an electrical 
connector 16. The fan assembly is mounted on top of a 
heat exchanging section, generally designated 18. The 
heat exchanging section, in turn, is mounted above a 
base assembly, generally designated 20. 
[0011] More particularly, heat exchanging section 
18 includes a thermally conductive sheet, generally 
designated 22, which is folded into alternating ridges 24 
and troughs 26 defining generally parallel spaced fins 
28 having opposite end edges 30 and 32. Folded sheet 
22 is formed into a generally cylindrical configuration as 
best seen in Figure 2, whereby troughs 26 form an inner 
segmented cylinder 34 and ridges 24 form an outer seg- 
mented cylinder 36 generally concentric with inner cylin- 
der 34. The inner and outer cylinders are "segmented" 
because they are not defined by continuously smooth 
surfaces, therefore allowing air to circulate to or from the 
side of fins 28. In other words, ridges 24 and troughs 26 
form axially extending circumferentially spaced seg- 
ments of the cylinders. The ridges 24 may also include 
apertures 29 to allow air contained inside the fins 28 to 
escape in those instances where the end edge 30 of the 
fins 28 are in direct contact with the heat producing 
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electronic device 38, or in those instances where addi- 
tional air escape paths are desired to meet the required 
cooling requirements of the system. 
[001 2] Heat sink assembly 1 0 also includes a cylin- 
drical heat conductive rod 40 disposed within inner seg- 
mented cylinder 34 defined by troughs 26 of heat 
exchanging section 22. It can be seen in Figure 2 that 
the rod has a greater diameter than inner segmented 
cylinder 34. When the rod is inserted into the cylinder 
within the inside of heat exchanging section 22, the 
folded sheet of the section expands in an accordion-like 
fashion, whereby troughs 34 are biased into engage- 
ment with the outer cylindrical surface of rod 40. In other 
words, the folded sheet which forms heat exchanging 
section 22 sort of grips the rod to provide good heat 
conductivity therebetween. The rod may be a solid 
structure, a hollow structure or may comprise a fluid 
filled heat pipe. Alternatively, the diameter of the rod 40 
may be the same as the diameter of the inner seg- 
mented cylinder 34, with the inner segmented cylinder 
34 being affixed to the rod with any known means of 
affixing two items together, such as an epoxy material or 
a clamping device (not shown). In the preferred embod- 
iment, the rod 40 is in direct contact with the heat gen- 
erating electronic device 38. 

[0013] A spring bracket, generally designated 42 
(Fig. 2), may be used to mount the heat sink assembly 
10 to the electronic device to be cooled. The spring 
bracket 42 includes a center ring portion 44 and a pair 
of diametrically disposed arms 46 terminating in aper- 
tured latch hooks 48. Ring portion 44 snaps into a circu- 
lar peripheral groove 50 about the rod spaced from the 
bottom of rod 40. Apertured latch hooks 48 at the distal 
ends of arms 40 snap over a pair of hooked latch 
bosses 52 on opposite sides of base assembly 20. 
Spring bracket 42 is effective to bias a bottom end 40a 
of rod 40 into thermal engagement with heat generating 
electronic device 38. The spring bracket also is effective 
to space end edges 30 at the bottom end of folded sheet 
22 above the base plate so that fan assembly 12 circu- 
lates cooling air completely through fins 28. 
[0014] A fan mounting bracket, generally desig- 
nated 54 (Fig. 2), also includes a ring portion 56 which 
is appropriately fixed to the top end of rod 40. Four arms 
58 radiate outwardly from ring portion 56 and terminate 
in four mounting posts 60. Appropriate fasteners (not 
shown) are inserted through four holes 62 in fan assem- 
bly 12 and into mounting posts 60 to hold the fan 
assembly onto bracket 54 which, in turn, is mounted to 
the top of rod 40. 

[0015] Heat generated from the electronic device 
38, such as microprocessors, semiconductors and the 
like, within base assembly 20 is conducted to the rod 40 
and into heat exchanging section 22 where fins 28 dis- 
sipate the heat to the atmosphere. Fan assembly 12 
causes cooler air from the atmosphere to flow between 
and around the fins in a heat exchanging fashion. 
[0016] Heat sink assembly 10 may also include a 



thermally conductive base plate (not shown) which 
transfers heat to be dissipated to the rod, with the ther- 
mally conductive base plate being mounted at the bot- 
tom end 40a of rod 40, and end edges 30 of fins 28 at 

5 the bottom end of heat exchanging section 22 are 
located above the base plate. The bottom end 40a of 
rod 40 may be directly attached to the thermally conduc- 
tive base plate, such as by welding, brazing or epoxy, or 
the rod 40 and base plate may comprise a single inte- 

10 gral structure. 

[0017] It will be understood that the invention may 
be embodied in other specific forms without departing 
from the spirit or central characteristics thereof. The 
present examples and embodiments, therefore, are to 

15 be considered in all respects as illustrative and not 
restrictive, and the invention is not to be limited to the 
details given herein. 

Claims 

20 

1 . A heat sink assembly, comprising: 

a heat exchanging section including a ther- 
mally conductive sheet folded into alternating 

25 ridges and troughs defining spaced fins having 

opposite end edges, said folded sheet being 
formed into a generally cylindrical configuration 
whereby the troughs form an inner segmented 
cylinder and the ridges form an outer seg- 

30 mented cylinder generally concentric with the 

inner cylinder; and 

a heat conductive rod within said inner seg- 
mented cylinder defined by said troughs. 

35 2. The heat sink assembly of claim 1 wherein said rod 
is hollow. 

3. The heat sink assembly of claim 1 wherein said rod 
is solid. 

40 

4. The heat sink assembly of claim 1 wherein said rod 
comprises a fluid filled heat pipe. 

5. The heat sink assembly of claim 1 wherein said fins 
45 are generally parallel to each other. 

6. The heat sink assembly of claim 1 wherein said fins 
are generally parallel to said rod. 

so 7. The heat sink assembly of claim 1 , including a fan 
mounted on the heat exchanging section at an end 
thereof. 

8. The heat sink assembly of claim 1 wherein at least 
55 one of the troughs contains an aperture therein. 

9. The heat sink assembly of claim 8 wherein the 
aperture is proximate a bottom end of the trough. 
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10. A heat sink assembly, comprising: 

a heat exchanging section including a ther- 
mally conductive sheet folded into alternating 
ridges and troughs defining spaced fins having 5 
first and second end edges, said folded sheet 
being formed into a generally cylindrical config- 
uration whereby the troughs form an inner seg- 
mented cylinder and the ridges form an outer 
segmented cylinder generally concentric with w 
the inner cylinder; 

a thermally conductive base plate above which 
the heat exchanging section is mounted, with 
the first end edges of the fins of the cylindrically 
configured folded sheet being between the 15 
base plate and the second end edges of the 
fins; and 

a cylindrical heat conductive rod within said 
inner segmented cylinder defined by said 
troughs. 20 

11. The heat sink assembly of claim 10 wherein said 
rod is hollow. 

12. The heat sink assembly of claim 10 wherein said 25 
rod is solid. 

13. The heat sink assembly of claim 10 wherein said 
rod comprises a fluid filled heat pipe. 

30 

14. The heat sink assembly of claim 10 wherein one 
end of said rod is in engagement with the thermally 
conductive base plate. 

15. The heat sink assembly of claim 10 wherein said 35 
fins are generally parallel to each other. 

16. The heat sink assembly of claim 10 wherein said 
fins are generally parallel to said rod. 

40 

17. The heat sink assembly of claim 14 wherein the rod 
and the thermally conductive base plate constitute 
a single, integral structure. 

1 8. The heat sink assembly of claim 1 0 wherein at least 45 
one of the troughs contains an aperture therein. 

19. The heat sink assembly of claim 18 wherein the 
aperture is proximate the first end edge of the fin. 

50 

20. A heat sink assembly, comprising: 



mented cylinder and the ridges form an outer 
segmented cylinder generally concentric with 
the inner cylinder; 

a thermally conductive base plate above which 
the heat exchanging section is mounted, with 
the first end edges of the fins of the cylindrically 
configured folded sheet being between the 
base plate and the second end edges of the 
fins; 

a cylindrical heat conductive rod within said 
inner segmented cylinder defined by said 
troughs; and 

a fan mounted on the heat exchanging section 
at an end thereof opposite the thermally con- 
ductive base plate. 

21 . The heat sink assembly of claim 20 wherein said 
rod is hollow. 

22. The heat sink assembly of claim 20 wherein said 
rod is solid. 

23. The heat sink assembly of claim 20 wherein said 
rod comprises a fluid filled heat pipe. 

24. The heat sink assembly of claim 20 wherein one 
end of said rod is in engagement with the thermally 
conductive base plate. 

25. The heat sink assembly of claim 20 wherein said 
fins are generally parallel to each other. 

26. The heat sink assembly of claim 20 wherein said 
fins are generally parallel to said rod. 

27. The heat sink assembly of claim 24 wherein the rod 
and the thermally conductive base plate constitute 
a single, integral structure. 

28. The heat sink assembly of claim 20 wherein at least 
one of the troughs contains an aperture therein. 

29. The heat sink assembly of claim 28 wherein the 
aperture is proximate the first end edge of the fin. 



a heat exchanging section including a ther- 
mally conductive sheet folded into alternating 
ridges and troughs defining spaced fins having 55 
first and second end edges, said folded sheet 
being formed into a generally cylindrical config- 
uration whereby the troughs form an inner seg- 
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